The excessive amount of pesticides applied in agricultural areas may reach surface water, thereby contaminating it. Thus, the main purpose of this study was to investigate the presence of pesticides used in a sub-basin headwater with coffee crops, situated in the Dom Corrêa district, Manhuaçu, Minas Gerais. The region of study is a great producer of coffee. Crops occupy steep areas and are situated close to surface water bodies. In this study, four sample collection points were selected in streams as well as a point in the distribution network and two points in the water treatment station (raw and treated water) a total of seven points. The samples were collected in rainy and dry seasons. Organochlorines, organophosphates, pyrethroids, carbamates and triazoles pesticides were identified by liquid and gas chromatography analysis with tandem mass spectrometry. The occurrence of pesticides was more evident in the rainy season. A total of 24 distinct pesticides were detected. At least one pesticide was identified in 67% of the samples collected during the rainy season and in 21% of the samples collected during drought. Many pesticides detected in water are not regulated in Brazilian legislation regarding potability.
INTRODUCTION
The use of pesticides in coffee crops may contaminate surface water directly from aerial spraying drift, from the erosion of contaminated soil, superficial drainage from rainwater runoff, and also, from the disposal and washing of pesticide tanks and containers. Contaminated surface water can harm aquatic fauna and flora, as well as human health, if used in the public water supply. These products are generally toxic to aquatic organisms, difficult to degrade in the environment and are not removed by conventional treatment methods for drinking water (Soares, 2011; Ormad et al., 2008; Stackelberg et al., 2007) .
When pesticides reach the aquatic environment, they are exposed to different physical, chemical and microbiological processes. Holvoet et al. (2007) highlight sorption/desorption and biodegradation as the processes that present greater impact on the final destination of these compounds in the aquatic environment. It is also important to stress the importance of considering the half-life (persistence) of the substances in evaluating their behavior in the environment. Soil characteristics also affect, directly and indirectly, the environmental destination of these substances.
In 2001, the European Union selected 33 organic compounds, including 16 pesticides, as priorities in the control of water pollution (European Union, 2001 ). Since then, several studies have been developed to detect pesticides in water and to search for alternatives to find increasingly restrictive standards for water quality involving these compounds (Grützmacher et al., 2008; Bortoluzzi et al., 2006; Corbi et. al, 2006; Filizola et al., 2005; Cerejeira et al., 2003) .
Data recently published by Brazilian Institute of Geography and Statisctics (IBGE, 2012) indicated that several Brazilian cities have declared that the sources of public water supply, mainly surface waters, are polluted by pesticides.
Thus, the study of water quality in agricultural areas is appropriate in the state of Minas Gerais, Brazil, which produces approximately 48% of the coffee in Brazil. The Zona da Mata, Jequitinhonha, Mucuri, Rio Doce, Central, and Northern regions provide 32% of all coffee produced in the state (Soares, 2011) . Moreover, data presented by the Health Secretary of Minas Gerais, showed that in 2006, excluding undefined causes, cancer was the second leading cause of death in Manhuaçu, as well in Minas Gerais (Antoniazzi et al., 2009) . Soares et al. (2012a) studied the risk of contamination of water sources by pesticides used on coffee crops, taking into account the amounts of pesticides sold in Manhuaçu, MG between 2007 and 2010, the physic-chemical properties of the active ingredients, their behavior in the environment (fugacity), the potential to cause cancer and the estimate of risk of contamination of surface waters using the algorithm of Goss (1992) . The authors concluded that some pesticides used and marketed in this area may contaminate the water and cause cancer, according to IUPAC (2010) .
The main purpose of this study was to investigate the presence of pesticides used on coffee crops in a sub-basin headwater situated in Dom Corrêa district, Manhuaçu, MG. This study is based on the hypothesis that intensive use of pesticides and conditions of mountains relief, rain intensity and proximity of crops to streams lead to contamination of surface water by pesticide residues.
MATERIALS AND METHODS

Study Region
Manhuaçu is located in the Rio Doce water basin in Minas Gerais and stands out among other cities in the state for its significant coffee production, more than 20,000 tons in 2009 (IBGE, 2010) . There are about 20 thousand coffee-producing properties in Manhuaçu region. This number represents 71% of the coffee-producing properties in the Zona da Mata, the second-largest coffee-producing region in the state (Soares, 2011) .
The local topography is mountainous, with altitudes ranging from 561 to 1,760 meters. The average annual rainfall is 1,860 mm. Rainfall in the region, according to a field survey, occurs predominantly during the months of November through March (Soares, 2011) . The rainy period is the same as that of the application of pesticides.
The water source evaluated in this study was selected using multi-criteria analysis, as shown by Soares et al. (2012b) . The sub-basin of the study -located in the Dom Corrêa district -is in the upper-left corner of the polygon: X1= -42.17; Y1= -20.03; and the lower right corner: X2= -42.10; Y2= -20.08 (Coordinates Lat. Long., WGS84), to the north of the city of Manhuaçu, as shown in Figure 1 . The mean altitude of the sub-basin is 1,143 m, with a minimum altitude of 788 m and maximum of 1,510 m, a mountainous relief. In the area of study, coffee crops are located near streams. The soil-use map of the sub-basin is shown in Figure 2 . The water treatment station (WTS) in the Dom Corrêa District treats water by coagulation-flocculation, decantation and slow filtration in sand. Water sample collection points were chosen to investigate the presence of pesticides during the dry and rainy seasons.
Determination of pesticide levels -streams, WTS and distribution network
To determine the levels of pesticides in the waters, three sample collection campaigns of seven-points each were conducted: two samplings during the rainy season (December, 2010 and March, 2011) , and one during the dry season (August, 2011) . Figure 3 shows the locations of the water sample collection points: four points are in the streams, one is at the entrance of the treatment station (WTS: raw water), one after filtration (WTS: treated water), and one in the distribution network downstream of the WTS. During each collection campaign, three samples were collected at each point, except in December. Afterward, samples were collected only at points "BJ1" and the raw WTS, while at the point of the distribution network only one sample was collected during the March and August collection campaigns. The 40 samples were analyzed for the presence and amount of pesticides (GC/MS-MS and LC/MS-MS).
Chromatographic analyses, including the extraction procedure, were performed in the Pesticide Residue Laboratory of the Ezequiel Dias Foundation -FUNED -located in Belo Horizonte, Minas Gerais.
This research was considered an exploratory study, since there was no continuous monitoring of water quality of the sub-basin water sources. Analysis of the results of the samples collected in different seasons allows evaluation of the effect of seasonality on the presence of compounds in the water.
Chromatographic analyses
To perform the chromatographic analyses of the Dom Corrêa district sub-basin stream waters, as well as the WTS and the distribution network, a study of the standards available in the FUNED laboratory was undertaken.
The water samples were collected and kept refrigerated in previously prepared and labeled amber glass. The preparation of the glassware for sample collection included rinsing with Extran Neutro Merck ® detergent and drinking water, washing in ultrasound (3 times, 15 min each), drying in an oven (150 ºC for 2 h) and acclimatized with Merck ® n-hexane. The water samples were extracted according to the methodology proposed by FUNED for liquid-liquid extraction, established by Standard Methods for the Examination of Water and Wastewater (APHA, 2005) -6640 B, adapted, as 500 mL of each sample were extracted. Following extraction, the samples were injected into the equipment for gas and liquid chromatography with tandem mass spectrometry (GC/MS-MS and LC/MS-MS). All reagents used in the analyses were of chromatographic analytical grade: Merck The reagents used in the extraction procedure were: acetone f.r.a. (for residue analysis); dichloromethane f.r.a.; n-hexane f.r.a.; common nitrogen gas; granulated sodium sulfate f.r.a., heated to 600 °C for 4 h; and pesticide standards prepared in acetone.
In the chromatographic analysis, process controllers (surrogate) were added to the samples prior to extraction. 100 µL of chlorpyrifos-methyl (3.0 ng µL -1 ; GC/MS-MS) and 100 µL of propoxur (6.0 ng µL -1 ; GC/MS-MS and LC/MS-MS) were used. Blank samples were also analyzed.
Detection limits (DL) and quantification limits (QL) were determined by recoveries, with three considered the minimum S/N ratio for a peak to be detected with certainty, with S = signals obtained and N = noises, both in absorbance units (uAbs). The quantitative results considered were those with means between 70 to 120%. Tables 1 and 2 show the results of the analyses of pesticide residues in the water samples collected in the Dom Corrêa district sub-basin. These tables also show the pesticides detected in samples collected during the dry period (August, 2011). The results of the samples analyzed by GC/MS-MS were semi-quantitative, since results for recoveries of less than 70% were shown qualitatively. Results were also qualitative for samples analyzed by LC/MS-MS (presence below the quantification limit -QL).
RESULTS AND DISCUSSION
The presence of pesticides in the collected samples of water was more frequent in rainy season and according to the period of the application of pesticides.
The point of collecting water samples "JB2" (Figure 3 ) was the most critical in terms of occurrence of pesticides. At this site, eight different pesticides were detected by GC/MS-MS, during the rainy season: Cyfluthrin, DDT, Fenvalerate, Heptachlor, L-cyhalothrin, Metolachlor, Methoxychlor and Mirex. The pesticides detected have low water solubility 20ºC and a high sorption coefficient normalized to the organic carbon (K oc ). Moreover, this point is located close the coffee crops, according to Figure 2 . This fact suggests that the contamination of surface waters, in this case, is related to the transport associated with the soil (runoff), according to the study developed by Soares et al. (2012a) .
Also at sample collection point "JB1", located close to watershed mouth of Dom Corrêa (Figures 2 and 3) , five different pesticides were identified by LC / MS-MS: Pirimicarb, Pirimiphos-ethyl and methyl, Propargite and Terbufos. 
Rainy season
DDT was detected in one of the samples collected after the filtration stage at the Dom Corrêa WTS (0.019 μg L -1 ). This organochlorine was also detected in other Brazilian surface sources at concentrations between 0.97-110 μg L -1 , according to research by Corbi et al. (2006) . However, in the effects of these concentration levels on human health and on the ecosystem are still being studied. Other organochlorine insecticides (heptachlor, methoxychlor and mirex) were also detected by GC/MS-MS during this period. Although their use is illegal in Brazil, these pesticides remain in the environment (mainly in soil and sediment, due to their high persistence) and, because of the rains, can be washed away or transferred from the sediment to the water column, thereby contaminating it. Organochlorine pesticides were also detected in Brazilian surface waters by Corbi et al. (2006); Filizola et al. (2005); Rissato et al. (2004) and Brito et al. (2001) .
Pyrethroids (bifenthrin, cyfluthrin, permethrin, fenvalerate, deltamethrin and lambdacyhalotrin) were also detected in this study.
Results of the liquid chromatographic analyses (LC/MS-MS) indicated the presence of ametryn, atrazine, chlorpyrifos-ethyl, ethion, flutriafol, primicarb, pirimiphos-ethyl, pirimiphos-methyl, propargite, temephos and terbufos. The pesticides lambda-cyhalotrin and atrazine detected in this study have also been found in surface waters of the Brazilian states of São Paulo and Rio Grande do Sul by Bortoluzzi et al. (2006); Filizola et al. (2005) and Marques (2005) .
Dry season
During the dry period, DDT was detected by GC/MS-MS in one of the samples collected after the filtration stage at the Dom Corrêa WTS (0.019 μg L -1 ). This organochlorine was also detected in other Brazilian surface sources at concentrations between 0.97-110 μg L -1 , according to research by Corbi et al. (2006) . However, in the effects of these concentration levels on human health and on the ecosystem are still being studied.
Epoxiconazole was also detected by liquid chromatography (LC/MS-MS). It is emphasized that the standard for this active ingredient was researched during dry conditions, which may explain why it was found only during this period.
General discussion
Substances detected in this study were also listed in Annex III of the Rotterdam Convention. These substances are considered extremely dangerous and are prohibited in Brazil. They persist in the environment and are found in water during the rainy seasons, and are possibly transported by particles of contaminated soil.
Many pesticides, detected semi-quantitatively in the waters of the Dom Corrêa district sub-basin, are not regulated by Brazilian legislation for drinking water (Ordinance of the Ministry of Health nº 2.914/2011). Among them are bifenthrin, cyfluthrin, deltamethrin, fenpropathrin, fenvarelatale, L-cyhalothrin, mirex, pirimiphos, amethrin, epoxiconazole, ethion, flutriafol, pirimicarb, pirimiphos, propargite and temephos. Two other compounds found in the waters (chlorpyrifos and terbufos) were recently added to the latest revision of legislation involving drinking water. It is important to point out that Brazilian legislation must take into account the most frequently used pesticides and those which have the greatest contamination potential to water. Andreoli and Ferreira (1998) observed this, and also found pesticides related to water quality that was unregulated by Brazilian legislation. At the time of their research, the pesticides detected were not the most used in the area of study. Therefore, the authors proposed monitoring of the five most widely used pesticides in each watershed in order to find alternatives and establish more effective control in the use of these products while taking into account the seasonality of agriculture.
CONCLUSIONS
1. The presence of pesticides, mainly from the organochlorine, organophosphate, pyrethroid, triazole and carbamate chemical groups, was found in the waters of the sub-basin of the Dom Corrêa district, Manhuaçu, MG.
2. A total of 24 distinct pesticides were detected. At least one pesticide was identified in 67% of the samples collected during the rainy season and in 21% of the samples collected during drought.
3. There is great concern about the consequences of pesticide residues detected in surface water that is near to crops, due to potential and harmful effects to public health. Thus, the headwater areas of hydrographic basins must be preserved and agriculture areas must not be developed near streams, in accordance with the Brazilian Forestry Code and other pertinent legislation.
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